Tooth losses due to pathological processes continue to be a reality in daily clinical dentistry, inducing functional and psychological complications in patients. In view of this, a new option for the management of this problem -tissue engineering -has been studied in Dentistry. This field, considered multidisciplinary, uses three key elements for tissue regeneration: scaffolds (extracellular matrices) -natural or synthetic; cells, and growth factors. In this sense, combination of these three elements may induce regeneration of the dental pulp, bone and periodontal tissue, among others. Therefore, the aim of this study was to conduct a literature review, describing the main elements of tissue engineering and their applicability in Dentistry, as a means of updating dental surgeons about this subject.
INTRODUCTION
Transplantation is a surgical procedure that consists of replacing an organ or tissue of a sick person (receptor), with another normal organ or tissue of a living or dead donor. With increasing life expectancy and consequent population aging, there are a growing number of older persons with chronic-degenerative problems and need of organ transplants [1, 2] . However, the scarcity of organs and risk of infections and rejections during this surgical procedure have driven the quest for alternatives to this technique [3] . From this aspect, tissue engineering has appeared with the purpose of regenerating damaged tissues, restoring their function without the need for replacing the diseased tissue [4] .
The field of tissue engineering is highly multidisciplinary, as it involves the concepts of Medicine, Engineering and Genetics [5] . Furthermore, this field is based on three fundamental principles, namely: (I) the cells, responsible for synthesis of the new tissue matrix; (II) growth factors that promote and facilitate cell function; (III) and scaffolds that act as an extracellular matrix, allowing cell differentiation, proliferation and biosynthesis [5, 6] .
In Dentistry, there is need of regenerative therapies that would be capable of recovering the function of tissues lost due to oral, maxillofacial and dental pathologies of traumatic, inflammatory and neoplastic origin, such as diseases of endodontic, periodontal, dental caries, facial trauma origin, among others7. In view of the foregoing, attempts relative to regeneration of the dental-pulp complex, as well as bone and cartilage regeneration, by using scaffolds containing stem cells have been extensively researched [6] [7] [8] .
In this context, the present article intended to describe the main elements of tissue engineering and its applicability in Dentistry, and update dental surgeons about this topic.
Fundamental elements for tissue engineering
For tissue regeneration, the integration of three elements is required, namely: the cells, scaffolds or extracellular matrix, and growth factors [5] (figure 1).
Cells
Tissue regeneration requires specialized cells capable of synthesizing the extracellular matrix specific for each tissue [8] . In this sense, stem cells have been extensively used in regenerative medicine, since they are non-specialized and are capable of self-renewal and cell differentiation [9] . Stem cells may be classified according to their nature, into embryonic or adult types [10, 11] . Embryonic stem cells are pluripotent and apt to differentiate into cells of the three germinative layers (ectoderm, mesoderm and endoderm) that consequently, may differentiate into multiple tissue cell types [12] . However, in spite of this high potential differentiation, these cells raise ethical questions, such as possible tumorigenic potential, making it difficult to use them [13, 14] . Whereas, adult cells have been more frequently studied in regenerative medicine, because they are readily available, in addition to being capable of differentiating into various cell types, such as osteoblasts, chondrocytes, myoblasts, hematopoietic and neural cells, originating bone, cartilage, muscle, vascular and nerve tissue, respectively [6] [7] [8] [9] . These cells may be found in bone marrow, adipose tissue, umbilical cord and in dental tissues [14] [15] [16] . With reference to dental tissues, various types of adult cells have been isolated from the periodontal ligament, papillae, primary and permanent tooth pulp, and are considered promising alternative for tissue engineering [17] [18] [19] [20] [21] .
The stem cells of dental origin, also denominated dental mesenchymal stem cells -MSCs, perform an important function in dental repair and homeostasis, and present characteristics similar to those originated in bone marrow. Moreover, these cells are denominated according to their tissue of origin, such as stem cells from human exfoliated deciduous teeth -SHED); dental pulp stem cells -DPSCs); periodontal ligament stem cells -PDLSCs), among others [22] .
The stem cells found in primary tooth pulp present high potential differentiation into odontoblasts, osteoblasts, adipocytes and chondrocytes [18] [19] [20] [21] [22] [23] . Those derived from permanent teeth, specifically found in third molar pulp, may differentiate into odontoblasts, adipocytes, chondrocytes and myoblasts [15, 24, 25] . Both primary and permanent tooth sources of stem cells may be used for endodontic and bone regeneration. Whereas the stem cells found in periodontal ligaments differentiate into osteoblasts, cementoblasts and fibroblasts, and can be used in regenerating both periodontal ligaments and bone tissues [17, 26, 27] . 
Scaffolds or extracellular matrix
Scaffolds are biomaterials with two-dimensional or three-dimensional architecture that provide the cells with an adequate environment, making it possible for them to migrate, proliferate and differentiate. In addition, they allow the transportation of nutrients, oxygen and cellular metabolic residues, making them a crucial element for tissue regeneration [28] .
To be considered ideal, this biomaterial needs to present some characteristics, such as biocompatibility, biodegradability, good mechanical properties, and a porous structure [13] . Biocompatibility is one of the main characteristics that must be present, because it prevents immunological cytotoxic and inflammatory reactions by the body, which impede the regenerative performance of the biomaterial [29] . Moreover, the capacity for biodegradability allows the cells of the body itself to degrade the scaffold, and to make space for new tissue [30] . Moreover, scaffolds need to have good mechanical properties and compatibility with those of the tissue or organ to be replaced. However, materials with these characters continue to be a challenge
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Tissue Engineering Cells to tissue engineering [4] . Of fundamental importance as well, is that scaffolds must have pores with an adequate size and dispersion ability, since these features ensure cell penetration, diffusion of the nutrients required by the cells, vascularization of the site and removal of the residual products by taking them out of the structure [31] .
The choice of material for fabricating the scaffold is also an important factor for it to be successful. Different types of materials may be used, such as ceramics, metals and polymers. In this context, polymers have gained emphasis because they have biogradability and great flexibility in their processing [3] . Polymers may be of natural origin, and be composed of collagen, fibrin and hyaluronic acid; synthetic, made of polymer compounds such as Poly (lactic acid) (PLA), polyglycolic acid (PGA) and its poly copolymer (Poly(Lactide-co-Glycolide) acid) (PLGA); or hybrids (natural and synthetic) [32] . However, synthetic materials have shown a higher success rate when compared with the natural types, because they provide versatility when creating the scaffold architecture, allowing control of the mechanical, physical and degradation properties [3] .
Various techniques are involved in the fabrication of scaffolds, such as lyophilizing, phase separating, foaming, rapid prototyping, and electrospinning, among others. However, the electrospinning technique has advantages compared with other techniques, because it is easy to perform, versatile, and allows better control of pore fabrication [28] [29] [30] [31] [32] [33] .
Growth factors
Growth factors are extracellularly secreted proteins that stimulate cell growth and bind to specific receptors in the cell membranes. Furthermore, the have the capacity to regulate cell growth, development proliferation and migration [34] . Different growth factors have been used in tissue engineering, among them are the bone morphogenetic proteins (BMP); Hedgehog proteins (HHS); fibroblast growth factor (FGF); interleukins; tumor necrosis factor (TNF) and vascular endothelial growth factor (VEGF) [35] . Among these signaling molecules, the BMPs have been extensively studied and applied for dental regeneration [35] . The BMPs can be divided into four families: the first are BMP-2 and -4; second, BPM-3 and -3B; the, BMP-5, -6, -7 and -8; and lastly, the GDF-5, -6 and -7 (growth/ differentiation factors). These proteins play an important role in tooth development, and are associated with the differentiation of odontoblasts and ameloblasts, and in the development of cement and alveolar bone [36, 37] .
In one study, using an animal model of periodontal disease, the regeneration and healing potential of BMP-6 was evaluated in periodontal defects. After the onset of periodontal disease, BMP-6 was applied to the affected regions and maintained for 8 weeks. At the end of the study, the authors observed that the application of BPMs-6 in the areas of bone loss increased healing and the bone and ligament regeneration, demonstrating the importance of this protein in regenerative dentistry [38] .
Tissue engineering applications in Dentistry
In spite of reduction the prevalence of tooth losses in adolescents and adults, over half the older population in Brazil is still edentulous [39] . As a result of this, there has been an increasing demand for dental implants and alternatives for recovering oral health. However, the lack of bone support, defects at the implant placement site, and failure of bone grafts may compromise the success of treatment [40] . In view of this, the purpose of tissue energy is to regenerate the bone and dental tissues, thereby restoring the patient's quality of life.
Firstly, the replace a dental tissue, it is necessary to understand its complex mechanism of development and its cellular interactions, and from there on, reproduce these in the laboratory. From this aspect, researchers use four laboratory techniques, among them are the use of biocompatible molds, tissue recombination, dental construction and induction of the third dentition. Of these, the former two are most used, and consist of using molds in tooth format made of polymers, or recombine cells of different origins to interact among them, thereby originating a new dental tissue, respectively [41] .
As regards dental pulp regeneration, researches have shown promising results over the past few years. This could be observed in the study of Wang and collaborators [42] , in which they evaluated the potential for pulp regeneration using stem cells derived from the dental pulp of animals. The authors observed rapid differentiation and proliferation of stem cells, generating vascularized pulp tissues, proving the feasibility of tissue engineering. Another in vitro and in vivo study conducted in 2015, investigated the effects of Platelet-rich fibrin (PRP) in the stem cells originated from dental pulp, and the potential revascularization and regeneration of pulp tissue. At the end of the two experiments, the researchers noted that platelet-rich fibrin not only promoted the proliferation of stem cells in vitro, but also regeneration of the pulp and capillary blood vessels in the intracanal walls of the animals' teeth [43] .
Bone tissue has also been the target of researchers, mainly using mesenchymal stem cells and BMPs, because they have characteristics that induce bone formation [38] [39] [40] [41] [42] [43] [44] . In relation to scaffolds, in addition to the essential characteristics mentioned previously, such as biocompatibility, biodegradability, porosity and good mechanical properties, these must be osteoconductors, providing a micro-environment that integrates the bone to the host bone tissue [8] . In this context, biomaterials with hydroxyapatite help with cell adhesion and induce the differentiation of osteoprogenitor cells [45] . However, as yet there are no scaffolds with all of the criteria necessary for bone regeneration, limiting the development of this technique in tissue generation [46] .
In addition to the above-mentioned tissues, innumerable researches have been directed towards periodontal regeneration, particularly the development of new cement with fibers connected to the alveolar bone [47, 48] . For this purpose, the use of growth factors and cytokines may stimulate formation of these tissues. As an example of this, Sakaguchi et al. [49] used a mixture of growth factors (IGF-1; VEGF-A; TAFT-β1) and mesenchymal stem cells derived from bone marrow and the periodontal ligament of dogs to promote periodontal tissue regeneration. On conclusion of the research, the authors observed that the growth factors concomitant with the cytokines promoted angiogenesis and the new tissue formation in the furca defects induced by the periodontal disease in the animals. Simultaneously with growth factors and stem cells, the scaffolds act in an important way in periodontal regeneration, promoting bone growth and preventing the epithelial tissue from infiltrating into the bone defect site and making it difficult for tissue to grow [50] .
Another aspect to be emphasized refers to tissue generation of the temporomandibular joint (TMJ), since a large portion of the population suffers from disturbances in this region, causing pain that interferes in the quality of life [40] . This is why studies have investigated materials for cellular support that help with the regeneration of cartilage, a tissue present in the articular disc of the TMJ and which provides this structure with physical and functional support [6] . Among these materials, the natural polymers such as collagen and gelatin are outstanding, because there have been studies with promising reports. In addition to these, other materials are being evaluated, including hyaluronic acid, fibrin, silk and synthetic polymers such as PLGA and Polyvinyl alcohol (PVA) [51] . With reference to cells and growth factors, cells extracted from the sinovial capsule and fibroblast growth factors (bFGF), TAFT-β1 e IGF-1, have also shown promising results in regenerating the cartilage of the TMJ [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] . Nevertheless, this region is one of the most challenging for regenerative treatment, because it has a limited capacity for self-repair and a poor blood supply. Moreover, there is the possibility of fibrous adhesions and ossification occurring in its structure during surgical procedure, so that further studies to resolve these limitations are necessary [40] .
FINAL CONSIDERATIONS
The future of tissue engineering in Dentistry is most promising, and this new approach is expected to enable regeneration of tissues damaged by the different dental pathologies. A great deal of progress has been made in the researches, with the development of different materials and fabrication techniques, with the purpose of improving the properties of the materials for this field of interest. However, in spite of these advances, complete regeneration of dental tissues continues to be challenging. Therefore, dentists must be aware of these advances, help with the development of researches, and use the new technologies in daily clinical practice, thereby providing patients with more efficient therapy, and consequently, improvement in their quality of life.
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